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Conversion factors for inch-pound system and International System Units (SI)
[For use of those readers who may prefer to use metric units rather than inch-pound units, the conversion factors for the terms used in this report are 
INTRODUCTION
A special need for updated flood-frequency information for Oregon results from recent emphasis on flood-plain zoning, flood insurance, and design adequacy of hydraulic structures. Studies of flood magnitude and frequency are based on analyses of available streamflow records. Very few long-term records for streams with less than 10 mi2 of drainage area were available when the last flood-frequency reports were prepared for Oregon by the U.S. Geological Survey. Many data have been collected since a small-stream flood-data program was started in 1952 in cooperation with the Oregon State Highway Commission (now Oregon Department of Transportation, Highway Division). This program was expanded in 1965, through funds provided by the U.S. Forest Service, to include many previously unsampled areas in national forests. Inclusion of these data has enlarged the flooddata base, both areally and in range of basin size.
This analysis was limited to western Oregon, because of the large number of gagingstation records available for the western part of the State and the deficiency of peak-flow information for many areas of the eastern part. Limiting the analysis to western Oregon allows timely use of urgently needed flood information in a rapidly developing area. An eastern Oregon flood-frequency analysis will be presented in a later report.
In describing flood frequency in this report, the term "exceedance probability" is used in preference to the term "recurrence interval." However, both terms are used in most of the tables, graphs, and illustrative problems. For example, a flood with a 0.01 exceedance probability is a flood that has one chance in a hundred of being exceeded in any one year. This is a 100-year flood under the "recurrence interval" terminology.
Purpose and Scope
This report describes methods for evaluating the magnitude and frequency of floods at sites on streams with natural flow. The purpose is to provide a method to estimate flood magnitude and frequency at ungaged sites in western Oregon. The report is based on data from all unregulated streams (or data from regulated streams prior to their regulation) where gaging stations have been operated for at least 10 years.
Records at the gaging stations provided the basis for estimating flood-peak discharges and frequency of occurrence at ungaged sites. Stations used in this analysis have records ranging from 10 to 70 years. Peak-flow records of 230 gaging stations are available for western Oregon, 73 of which are crest-stage gaging stations that have drainage areas as small as 0.21 mi2 . Locations of the gaging stations are shown on plate 1.
The magnitude of a flood is influenced by physiographic characteristics of the drainage basin. These characteristics, which include climate, topography, geography, soils, and vegetation, are referred to as basin characteristics throughout this report.
Multiple-regression analysis was used to correlate flood discharges with selected basin characteristics and to develop appropriate regional relation equations. Although many basin characteristics were determined and investigated, the number retained in the equations was reduced for simplicity and practicality, without undue sacrifice of the accuracy of the flow estimate. The characteristics used were selected on the basis of the results of prior investigations, ease of determination, and the results of the regression analysis.
Previous Studies
A previous flood-frequency report by Hulsing and Kallio (1964) , covering the Pacific slope basins in Oregon and lower Columbia River basin, contains peak-flow records for 173 gaging stations in western Oregon. Of these, 22 are for crest-stage gaging stations on small streams.
Regression equations for flood-peak discharge are presented in a report, "Evaluation of the streamflow data program in Oregon" (Lystrom, 1970) , that is based on data from all stations with 10 or more years of record of unregulated flow through the 1967 water year (October 1966 (October through 1967 .
GENERAL DESCRIPTION OF THE AREA
The area studied includes all that part of Oregon west of the crest of the Cascade Range. The principal physiographic areas in western Oregon include the Coast and Cascade Ranges and the Willamette, Rogue, and Umpqua River valleys, as shown in figure 1.
The western slope of the Coast Range is influenced directly by ocean-spawned storms and weather. Annual precipitation is commonly 60 to 80 in. in the area; some coastal mountains receive as much as 200 in. (U.S. Weather Bureau, 1964) . Snowmelt is not normally a major factor in flooding.
In the Willamette, Rogue, and Umpqua River valleys, high streamflows are created by storms from the Pacific Ocean. High flows in some streams draining from the Cascade Range frequently are caused by runoff from snowmelt in combination with direct rainfall runoff. The proportional contributions from each source are difficult, if not impossible, to identify. Annual precipitation amounts range from lows of less than 20 in. in the Rogue River basin to more than 100 in. in the lower elevations of the Cascade Range.
In the higher elevations of the Cascade Range, flood peaks are predominantly from snowmelt runoff combined with heavy rainfall runoff. Much of the precipitation in this area falls as snow in late fall, winter, and early spring. Annual precipitation ranges from less than 20 in. in the south to more than 100 in. in the north.
Magnitude and Frequency of Floods at Gaged Sites
Methods for estimating flow frequencies at gaged sites, presented in "Guidelines for Determining Flood Flow Frequency," published by the U.S. Water Resources Council (1977) were used in this study. Data from 230 gaging stations in Oregon, 6 in southwestern Washington, and 3 in northern California, representing basins that have virtually natural flow conditions and 10 years or more of record, provided the basic dependent variables (annual peak discharge). Historic flood information was used, when available, to supplement the systematic gaging-station record. For each station, the logarithms of the annual peaks were used to compute the mean, standard deviation, and skew coefficient that describe a log-Pearson Type-Ill distribution.
Frequency data from the log-Pearson Type-Ill frequency curve for each station are presented in table 4 at the back of the report. It lists flows for exceedance probabilities of Q0 . 5 (2 yr), Q0 .2 (5 yr), Q0 . 10 (10 yr), Q0 .04 (25 yr), Q0 .02 (50 yr), and Q0>01 (100 yr). The figures in parentheses are the corresponding recurrence intervals. As an example, if a flow of 900 ft3 /s is shown under an exceedance probability of 0.5 in the table, it means that there is a 50 percent chance that the flow at the gaging station will exceed 900 ft3 /s in any one year. Another way of describing the same peobability is that a 900-ft 3 /s flow has a 2-year recurrence interval. A flow shown under an exceedance probability of 0.01 has a 1 percent chance of being exceeded in any one year. (It could be described as having a 100-year recurrence interval.)
Regression Analysis
Multiple-regression analyses were used to define equations expressing flood discharges of selected exceedance probabilities as a function of the basin characteristics. This relation may be expressed by the mathematical model QT=K Ci a C2 b C3 C . . . Cnn in which Qj is the discharge for a selected exceedance probability, T; K is a regression constant; C l , C 2 , C3 , and Cn are basin characteristics; and a, b, c, and n are regression coefficients. A step-backward regression analysis of the variables was made using a STATPAC data matrix. The least significant independent variable (basin characteristic) was deleted at each step. An evaluation of the standard errors for the various steps of the multiple regression was made to determine the most suitable regional equation.
The program computes the logarithms of the regression constant, the exponents of the independent variables, and the logarithm of the standard error of estimate.
Data for the 230 gaging stations in western Oregon were used for the "first try" of regression equations. The residuals (the difference between the logarithms of the flood discharges estimated from the gaging-station record and the logarithms of the flood discharges estimated from the regression equations) were plotted on a map of western Oregon. This plot and topographic maps were evaluated to delineate the boundaries of the four flood-frequency regions selected for use in the regression analysis. These four regions (Coast, Willamette, Rogue-Umpqua, and High Cascades) are shown in figure 1. Flood-frequency equations were then developed for each of these regions.
Few gaging-station data for the extreme southern end of the Oregon coast are usable for flood-frequency analysis. Peak-flow and basin-characteristics data for three gaging stations at the extreme northern end of the California coastal area were used to supplement the Oregon coast data. To determine the flood-frequency equations for the Coast Region, data from 37 stations in Oregon and three in California were used in the multiple-regression analysis.
To develop the flood-frequency equation for the Willamette Region, peak-flow and basin-characteristics data from six stations across the Columbia River in Washington were used to supplement data from 105 stations in Oregon.
Data from 60 Oregon stations in the Rogue-Umpqua Region and from 28 Oregon stations in the High Cascades Region were used to develop the respective regional equations.
The final regression equations for each of the four regions are shown in table 1. These equations relate floods having exceedance probabilities of Q0 5 , Q0 2 > QOIO' Q004 , Q002 , and Q001 to selected basin characteristics in each of the flood-frequency regions shown in figure 1. The general form of the equation and the standard error of estimate is also shown in table 1.
Drainage area (A) and precipitation intensity (I) were selected as the most significant independent variables for the flood-frequency equation for the Willamette Region. Drainage area, precipitation intensity, and area of lakes and ponds (ST) were selected as the most significant independent variables for the Coast and Rogue-Umpqua Regions. For the High Cascades Region, drainage area, area of lakes and ponds, precipitation intensity, and nonforested areas proved to be the most significant independent variables to use in the flood-frequency equation. In the frequency equation for the High Cascades Region, nonforested area is expressed as a function of forest cover (F).
Soils index and azimuth were not used in the final regression analysis. These two basin characteristics were not found to be significant in preliminary analysis, which was based strictly on data for Oregon stations.
APPLICATION OF RESULTS
Method Used
The design flow or peak discharge for selected exceedance probabilities (or recurrence intervals) can be estimated for sites on unregulated streams in Oregon by using the method described below. 1. Locate the site on the map (pi. 1, in pocket) and determine which region it is in and if it is on a gaged stream. a. If the site is at a gaging station used in this analysis or is on the same stream as a gaging station used in this analysis and has a drainage area within 5 percent of that at the gaged site, USE THE GAGING-STATION DATA DIRECTLY FROM TABLE 4. b. If the site is on a stream that has a gaging station listed in this report but has a drainage area estimated at 5 to 25 percent different from that at the gaging station, adjust the peak discharges of the gaged site (table 4) on the basis of drainage area by using the following equation: Qu =Qg (Au/Ag)a , where Qu and Qg are the discharges at the ungaged and gaged sites, Au and Ag are the drainage areas, and "a" is an exponent. The value for "a" can be selected from the exponents for the drainage area (A) given in the equation in b. Determine the appropriate basin-characteristic values as follows: Drainage area (A) Compute the drainage area, in square miles, within the surface-water divide upstream from the desired site on the stream, using the best available topographic map, generally U.S. Geological Survey ll /2-or 15-minute quadrangle maps. Determine the drainage area by planimetering.
Area of lakes and ponds (ST)
Compute the percentage of the total drainage area occupied by lakes and ponds, using a planimeter or a transparent grid overlay on T/2-or 15-minute topographic maps. In the equation, the value (ST+1) is used to avoid introducing zero values that cannot be accommodated in the equations used in this study.
Forest-cover index (F)
Compute the percentage of the total drainage area covered by brush or trees, as indicated by the extent of green overprint (vegetation) shown on U.S. Geological Survey topographic maps.
The value of 101-F is used in the equation for the High Cascades Region to reflect the percentage of "nonforest" cover. The value 101 is used rather than 100 to avoid having to deal with the logarithm of zero values. The use of nonforest cover rather than forest cover provided the most practical equation fit.
Precipitation intensity (I)
Determine the maximum 2-year, 24-hour precipitation, in inches, on plate 2 of this report by using the grid method as described under drainage-basin characteristics section for mean basin elevation on page 11. c. Compute the peak discharge for the desired exceedance probabilities, or recurrence intervals, directly through the use of the appropriate regional equations. d. Compare, for reasonableness, the estimated peak discharge values particularly those for small probabilities (long recurrence intervals) with (1) maximum peak discharges for nearby streams (table 3 at the back of the report) and (2) other maximum observed discharges ( fig. 2 ). Peak discharges for exceedance probabilities between 0.5 and 0.01, other than those shown in the equations, can be determined either by plotting station values from table 4 or by plotting computed values from the equations on probability paper and drawing a smooth curve through the points. Peak discharges for other exceedance probabilities can then be estimated from the curve.
Extrapolation of peak discharges for exceedance probabilities greater than 0.01 (the 100-year flood) exceeds the limits of this study. Such derived values should be qualified and used judiciously.
Evaluation of Estimates
Peak discharges estimated from the regression equation can be evaluated for credibility by comparison to maximum observed peak discharges for streams with similar drainage areas in the same regions. Maximum observed peak discharges for all gaging stations used in the analysis are listed in table 3. Figure 2 shows the maximum observed peak discharges for long-term gaging stations in western Oregon in relation to drainage area. Figure 2 also shows a maximum envelope curve developed by Matthai (1969) . For drainage areas between 1 and 200 mi2 , the equation for the Matthai curve is Q=11,OOOA°-61 . Also shown are the observed discharges that have the highest unit runoff measured in Oregon and the highest peak discharges observed throughout the United States. Figure  2 can be used to judge the reasonableness or uniqueness of flood-peak discharges estimated by use of flood-frequency equations. For example, if the 0.02 (50-year) flood discharge estimated for a site with a drainage area of 10 mi2 was 10,000 ft3 /s, a comparison with figure 2 indicates the discharge could be too high for western Oregon. The user might then check the computations and also decide that the regional equations are not applicable if the basin being studied is not typical of the region.
On some streams the geology of the drainage basin can have a large effect on the magnitude of the flood peak. An example is the Clearwater River above Trap Creek near Toketee Falls (14314500) in the Umpqua River basin. Most of the Trap Creek drainage is located in a geologic area of recent volcanics (Wells and Peck, 1961) . Observed flood peaks at the Clearwater River above Trap Creek gaging station are much smaller in magnitude than are indicated by the regional equation. It appears that peaks at this gaging station are greatly diminished because of temporary ground-water storage. Numerous springs along the Clearwater River above Trap Creek tend to support this assumption. Other streams in similar recent volcanic geology will probably respond in the same manner. Therefore, the geology map should be consulted to evaluate the possibility of the actual flood peaks differing from those indicated by the regional equation because of the local geology. Some of the older peak discharges used in this analysis were based on once or twice daily gage readings which may be lower than the actual instantaneous peak and therefore would not represent the highest discharge during the day. The effect of such peaks on the analysis has not been thoroughly evaluated; however, because only about 2 percent of the peaks were determined in this manner, their use likely has little influence on the resulting equations.
Weather stations are sparsely located in the High Cascades Region; therefore, the precipitation intensity values shown on plate 2 are probably somewhat less reliable for the High Cascades than for the other three flood-frequency regions, where there are more precipitation gages. This lack of basic precipitation data probably contributed to the higher standard error for the High Cascades Region. This higher standard error may also be attributed to the lack of regional snowpack information. No basin characteristics for snowpack were available for the regression analysis; however, it would be reasonable to assume that snowpack would influence the flood-frequency equations for the High Cascades.
Illustrative Problems
The method for estimating discharges of selected recurrence intervals is shown by the following examples: Example 1. (Determining a single flood in an ungaged area) Determine the discharge for an exceedance probability of 0.01 (100-year flood) for a site in the Coast Region, where the drainage area is 20 mi2 and the area of lakes and ponds is 1.2 percent of the drainage area. According to the precipitation intensity map (pi. 2, in pocket), the site is at a location where the average 2-year, 24-hour precipitation intensity over the drainage basin is 4.0 in. Determine the discharge for exceedance probabilities of 0.5 and 0.1 (2-and 10-year floods) for a site on a stream in the High Cascades Region. The drainage area is 9.8 mi2 ; the area of lakes and ponds (ST) is 2.5 percent; forest cover (F) is 96 percent; and the average 2-year, 24-hour precipitation intensity is 3.2 in. From the High Cascades Region equation, the 0.5 exceedance probability flood is: Then plot the flood discharges on probability paper at the respective exceedance positions and draw a smooth curve through the points, as shown in figure 3 . Example 4. (Determining the exceedance probability or recurrence interval for a selected discharge) Using the curve developed in example 3 ( fig. 3 ), determine the exceedance probability and recurrence interval for a peak discharge of 16,000 ft3 /s.
At the 16,000-ft3 /s discharge magnitude on the graph, project horizontally to the frequency curve. Project up vertically at the intersection with the curve and read an exceedance probability of 0.05 and project down vertically and read a recurrence interval of 20 years. Example 5. (Determining a flood on a stream near an existing gaging station) Determine the discharge for an exceedance probability of 0.01 (the 100-year flood) for a site upstream from the existing long-term gaging station on Salmon Creek near Oakridge (No. 1414650) in the Willamette Region. The gaged site has a drainage area of 117 mi2 , and the selected site has a drainage area of 100 mi2 . Therefore, the drainage areas differ by more than 5 percent but less than 25 percent. The flood for an exceedance probability of 0.01 at the gaged site (table 4) 
Limitations
The equations in this report, developed through regional analysis, are usable, under certain limitations, for estimating flood magnitudes of selected exceedance probabilities or recurrence intervals at ungaged sites in western Oregon.
The equations are based on data representing natural flood conditions and are not applicable to streams where storage or artificial structures have modified the flow appreciably such as sites downstream from large storage reservoirs. In general, the equations are not applicable at any site where flow from 10 percent or more of the drainage basin is controlled.
Ranges of characteristics used for defining equations for each region are: Extrapolation beyond the limits of the data used for defining relationships is not advisable. Such extrapolations could produce erroneous discharge values. However, if extrapolations are made they should be used judiciously and qualified accordingly.
SUMMARY
The study describes a method for estimating the magnitude and frequency of floods on natural streams in western Oregon. The equations were developed by regional multipleregression analysis. An evaluation of the differences between the flood discharges estimated from the gaging-station records and the discharges determined from the general regression equation were used to help delineate boundaries for four flood-frequency regions in western Oregon.
Drainage-area size was the most significant basin characteristic for all four of the floodfrequency regions in western Oregon. Precipitation intensity was also a significant basin characteristic for all the regions. By utilizing only the drainage-area size and precipitation intensity for the Willamette Region, the standard error of estimate ranged from 33 to 37 percent, as shown in table 1. The area of lakes and ponds was used in addition to drainagearea size and precipitation intensity in the flood-frequency equation for the Coast and RogueUmpqua Regions. The standard error of estimate ranged from 32 to 37 percent in the Coast Region and from 43 to 51 percent in the Rogue-Umpqua Region.
The standard errors of estimate were greatest in the High Cascades Region, where the range was 50 to 72 percent. Four basin characteristics (drainage area, precipitation intensity, area of lakes and ponds, and forest cover) were required to reduce the standard error significantly in this region.
When used within the range of data used to define the relationships, the regional floodfrequency equations provide reasonably accurate estimates of floodflows of specified exceedance probabilities. 
